cultures of human tissue. J. Bacteriol. 84:1330 Bacteriol. 84: -1337 Bacteriol. 84: . 1962 .-Three strains of the atypical pneumonia agent were adapted to grow in continuous cell cultures of human amnion or human embryonic lung, with production of initial increased acidity followed by destruction of the cells. Evidence is presented that cytopathic effects of the organism were associated with intracellular growth and formation of microcolonies. Clumps of organisms stained specifically with fluoresceinlabeled antibody, and showed distinctive tinctorial reactions with the May Griinwald-Giemsa stain. The cytopathic effect was prevented by fresh serum from a rabbit immunized with an egg-passage strain of the atypical pneumonia agent. Heating the immune serum to 56 C for 30 min abolished the neutralizing effect. The significance of heat-labile serum constituents in killing or inhibition of mycoplasma is discussed.
The atypical pneumonia agent grows without producing obvious cellular damage in chick embryo lung (Liu, 1957) or in tissue culture Gordon et al., 1960; Low, unpublished data) . The absence of a specific cytopathic effect has made the detection of this agent difficult. Following the suggestion by one of us that this organism might be related to the mycoplasma (PPLO) group because of its spectrum of sensitivity to antibiotics (Eaton and Liu, 1957) , Marmion and Goodburn (1961) found minute extracellular coccobacillary bodies in chick embryo bronchi adjacent to areas specifically labeled by fluorescent antibody. More recently, Clyde (1961) , using Giemsa stain and fluorescent antibody, demonstrated the presence of the organism in tissue cultures of monkey kidney. Culture of the atypical pneumonia agent, in the absence of living cells, on special mycoplasma agar was reported by Chanock, Hayflick, and Barile (1962) .
The cytopathic action in tissue culture of organisms recognized as belonging to the mycoplasma group is variable. They are frequently present as nonvirulent, slow-growing contaminants (Carski and Shepard, 1961) . The present report confirms Clyde's observations on clumps of minute granules in infected tissue culture, and in addition describes a reproducible cytopathic action of the atypical pneumonia agent on tissue cultures of human amnion and human embryonic lung.
MATERIALS AND METHODS
Tissue cultures. A continuous line of human amnion cells (WS) was obtained from Dr. Enders' laboratory and propagated as a monolayer in square serum bottles. We are indebted to Eldon Davis for a continuous cell culture of human embryonic lung (L 140). Both cell lines contained latent pleuropneumonia-like organisms (PPLO) which under the experimental conditions did not by themselves produce cytopathic effects (CPE). Cells obtained by scraping and resuspending stock cultures were transferred to tubes (150 by 15 mm) with tight screw caps, and incubated in a slanting position. For histological studies and fluorescence microscopy, cover slips of suitable size were placed in the tubes before the addition of the cell suspension. At the time of inoculation, the cultures were usually about 1 week old.
Medium. Eagle's medium containing 10% calf serum with phenolsulphonphthalein (0.002%) and additional amounts of arginine (17.4 mg/ liter) and inositol (0.4 mg/liter) was used both for propagation and maintenance of the human amnion and lung cells for the following experi-1330 on November 5, 2017 by guest http://jb.asm.org/ Downloaded from ments. Bicarbonate was omitted. The initial pH was adjusted to 7.6 to 7.8 with NaOH; after 3 days of incubation, the pH of uninoculated cultures fell to 7.0 to 7.2. The medium was changed twice a week.
Antibiotics. All tissue cultures contained penicillin at a final concentration of 100 units/ml. In the stock cultures, streptomycin was present at 200 ,tg/ml but, in infected cultures, was reduced to 10 jig/ml or omitted, to avoid inhibition of the atypical pneumonia agent (Eaton and Liu, 1957) .
Temperature of incubation. All tissue cultures were incubated at 34 to 35 C. This temperature has always been used for propagation of the atypical pneumonia agent in chick embryos, and preliminary results with human amnion cultures suggested that higher temperatures might be less favorable for growth of this organism.
Strains of atypical pneumonia agent. Two strains (Mac in the 76th egg passage and FH in the 20th egg passage) had been carried continuously by amniotic inoculation of chick embryos since their isolation from human material (Eaton, Meiklejohn, and van Herick, 1945; Liu, 1957 then overlaid with fluorescein-labeled goat antirabbit globulin (Microbiological Associates). This goat serum had been previously purified by two absorptions with acetone-precipitated mouse liver powder. After 10 min of incubation at 37 C, the cover slips were again washed for 10 min in cold phosphate buffer, and mounted with glycerol-saline on glass slides. A rim of colorless nail polish was used to stabilize the mounted cover slip. Infected and control monolayers were examined with a Zeiss fluorescence microscope, and photographs were taken with a Polaroid camera attachment, using an Apochromax 40 X oil-immersion lens. Specific fluorescence was seen only in the infected monolayers with immune serum, and was not seen when normal rabbit serum was used. Nonspecific staining of the amnion monolayers associated with particulate debris, dying cells, and areas of cells growing in clumps and islands was diminished to a reasonably low level by dilution of the specific rabbit serum, repeated absorption of the fluorescein-labeled antiglobulin, and shortening of the incubation period with the antiglobulin. The specific fluorescence was improved in intensity by the addition of complement.
Staining methods. Cover slip preparations of cells were routinely stained by the May Griinwald-Giemsa method described in detail by Jacobsen and Webb (1952) . In brief, this entailed the fixation of washed cover slips with absolute methyl alcohol, a 10-min period in 0.25% alcoholic May Grunwald dye, followed immediately by 20 min in a 1:20 dilution of aqueous Giemsa stain (Allied Chemical and Dye Corp.). The staining was followed by differentiation in distilled water, an acetone wash, and dehydration through acetone and xylol.
Cover slips were then mounted in Permount. An important step in this procedure was the differentiation of the stained preparations in water; in fact, it was only after adequate time (about VOL. 84, 1962 10 to 15 min) was allowed for this step that the structures described in this paper became visible.
The method of Jacobsen and Webb (1952) for the enzymatic treatment of fixed-cell preparations was also used. Cells treated with ribonuclease, deoxyribonuclease, or buffer were then stained as above.
RESULTS
Adapation to human amnion. The FH strain first became adapted to cause reproducible cytopathic effects after being passed eight times, at intervals averaging about 2 weeks. Subsequently, it has been carried through 34 passages with cytopathic effects at each passage. Subinoculation of chick embryos from the 1st, 11th, 17th, and 26th passages resulted in infected lung suspensions capable of producing pulmonary lesions in cotton rats in which the agent was again neutralizable by immune serum. The 24th human amnion passage was grown in quantity, and the cells and supernatant fluids were tested separately in cotton rats. The cell homogenate but not the fluid was found to be capable of producing lung lesions in animals. Several hundred egg-infectious doses are required to produce pneumonia in cotton rats (Eaton et al., 1945) . Since some of the agent is routinely found in the supernatant fluid, this result merely indicated that more was associated with the cells.
The Mac strain produced CPE in human amnion cells after two passages, and thus apparently became adapted more quickly than the FH strain. The Chanock monkey kidney strain, which had been through only two chick embryo passages in the laboratory, failed to produce CPE regularly in human amnion tissue cultures even when streptomycin was omitted. Recently, this strain has been adapted to the cell culture of human embryonic lung, and gives CPE similar to that of the Mac and FH strains in amnion.
In addition, the M4ac strain has been grown in human embryonic lung with production of CPE.
Description of cytopathic effect. Normally, the amnion cells grew as a monolayer on the glass wall of the tube, but, in places, whorl-formation occurred, or there were several superimposed flat layers of cells. Especially in older cultures, numerous round refractile apparently degenerating cells rested upon the tightly packed polygonal epithelial cells of the monolayer. The cytopathic effects of the atypical pneumonia agent began with little change in the round refractile cells,.
but the epithelial cells, less easily recognized in unstained preparations, underwent degeneration and dropped off the glass, leaving increasingly large open areas. Usually, these changes werefirst seen near the lower end of the tube. A definite CPE began between 1 and 3 weeks afterinoculation, whereas the polygonal epithelium of the controls remained intact for as long as 6-weeks. Rolling the tubes did not speed up the appearance of a CPE.
A few days before the onset of CPE, the pH of the infected cultures began to drop at a more rapid rate than that of the controls. This in--creased acid formation persisted after each change of the medium until finally degeneration and sloughing of a large portion of the tissue was evident. Following this event, the pH of theinfected cultures dropped more slowly than the controls, and after several weeks failed to change at all, whereas the controls remained metabolically active. The initial rapid drop in pH proved to be a reliable index of infection when appropriate controls were maintained for comparison. Frequently, a considerable number of cells remained on the glass after maximal CPE had occurred, but attempts to subculture these cells failed, although they did again attach initially to the walls of the new culture tube. Such subcultures were maintained for as long as 4 months without a significant increase in the number of cells.
Observations on stained preparations. Jacobsen and Webb (1952) demonstrated the specificity of the May Gruinwald-Giemsa staining reaction for deoxyribonucleoprotein and ribonucleoprotein. The former stained purple-red and the latter blue, in methanol-fixed cell preparations and as isolated nucleoproteins. In the present work, this staining method indicated the expected distribution of nucleoproteins in the human amnion cell: namely, blue staining nucleolar and cytoplasmic structures and the purple-red, chromatin.
In infected cover slip preparations, clusters of minute pink-staining granules, both intracellular and extracellular, were seen at 7 to 10 days after inoculation. The average size of these microcolonies approximated that of the cell nuclei, and the tightly packed granules within the colonies were barely discernible under oil immersion. Of particular interest were the colonies which appeared to be intracellular. They were always in May Grunwald-Giemsa X 1,100. the cytoplasm, were often surrounded by a clear space, and in some cells this mass of pink-staining material apparently caused an indentation of the nucleus (Fig. 1) . Less frequently, pink granules were seen distributed at random in the cytoplasm or within vacuoles.
Treatment of normal cell cover slip preparations with deoxyribonuclease according to the method of Jacobsen and Webb (1952) changed the staining reaction of the cells to a uniform light blue. Infected cells treated in the same manner likewise lost their nuclear purple-red staining material; however, the colonies described above continued to stain pink. Both extracellular and intracellular masses of this material continued to stain as in the untreated preparation, and stood out sharply against the over-all blue background. The incorporation of this deoxyribonuclease step in the staining procedure afforded a means for better differentiation of the colonies from the purple-red color of the adjacent nuclei, and made it possible to find colonies readily in lightly infected preparations.
The results of enzyme treatment were in apparent conflict with other information as to the nucleic acid content of these organisms. It is well known that organisms of the genus Mycoplasma contain deoxyribonucleic acid (DNA), and presumably the pink-staining areas found inside and outside cells in the infected cultures were DNA-containing structures but resistant to the action of deoxyribonuclease. However, these colonies were Feulgen-negative. It were seen on the cell membrane as a granular deposit or larger clumps. Liu (1961) reported that a heat-labile factor in normal and immune serum increases fluorescent staining of the atypical pneumonia agent by human antibody. From these studies with tissue culture and rabbit antibody, we have the impression that fresh serum gives a more intense staining reaction than serum which has been stored at 4 C for some time.
Infectivity titrations in tissue culture. Seed material for titration and neutralization was obtained from the supernatant fluids of tissue cultures showing increased acidity and partial CPE. These fluids were stored at -70 C in sealed glass tubes. Assays for infectivity, using samples of a single batch of stored tissue culture supernatant fluid, were found to be readily reproducible as to end point. Dilutions of the agent were made in tissue culture medium and added to the monolayer preparation, where they remained until the next change of fluids 3 to 5 days later.
Representative results of such titrations are presented in Table 1 . The increased acidity indicative of infection became evident at 10 to 20 days, depending upon the dilution of the inoculum. Tubes which failed to show this reaction by 35 days were considered negative. Microscopic evidence of cell damage followed the above pH changes by about 4 days, and almost complete degeneration with impairment of metabolic activity occurred within an additional 4 to 5 days. End points were found at a final dilution of 10-5 to 10-6 of tissue-culture supernatant fluid.
Neutralization studies. Fresh immune rabbit serum at a dilution of 1:20 in tissue-culture medium was filtered to insure sterility; dilutions of 10-3, 10-4, and 10-5 from infected tissue-culture supernatant fluid were made in the medium containing immune serum. These mixtures were then allowed to stand at room temperature for 30 min, at which time they were added to tubes of amnion cells. After 4 days of incubation, the fluids in the cultures were replaced with medium containing no immune serum. The same immune serum heated to 56 C for 20 min was also tested, as above, for neutralizing capacity. Controls were prepared with use of a pool of normal rabbit serum which had been stored at -20 C.
The results presented in Table 1 show that fresh immune serum prevented the appearance of cytopathic changes with approximately 100 tissue culture infectious doses (TCID), and delayed cytopathic effects with 1,000 TCID. Inactivated serum failed to prevent the CPE. After the tubes showing evidence of neutralization had been incubated for 25 days, their undiluted culture fluid was transferred to new tissue cultures to test for the presence of infective agent. In these secondary inoculations, the results were either negative or there was a delay of several weeks before CPE appeared, thus indicating that little or no infectious agent persisted in tubes receiving fresh immune serum.
A further attempt to demonstrate killing or neutralization by inactivated immune serum was made with longer preincubation and lower serum dilution. Dilutions of tissue-culture fluids of 10-to 10-4 were incubated with immune rabbit serum (1:4) for 6 hr at 25 C. Three drops of these mixtures were then added to tissue cultures. As seen in the last column of Table 1 , there was a slight increase in the time of appearance of increased acidity. Results with normal serum or with no serum at all were similar, and the delay in growth appeared, therefore, to be due to reduction in the infectivity by prolonged incubation rather than by the immune serum.
Experiments with yeast extract. Wittler, Cary, and Lindberg (1956) reported that yeast extract speeds up the growth of PPLO in tissue cultures and increases the cytopathic effect. When yeast extract (Difco) at a concentration of 0.5% was present in our cultures at the time of inoculation, both the control and the inoculated cultures showed degenerative changes within 1 week, probably because of toxicity of the extract for the cells. No increase of acidity was noted. With 0.2 % yeast extract, the inoculated tissue cultures developed increased acidity with cytopathic changes after the usual interval. Addition of yeast extract at 0.2% did not accelerate the CPE by the atypical pneumonia agent, or induce CPE by the contaminating mycoplasma in uninoculated amnion cultures.
DISCUSSION
Evidence that PPLO sometimes grow in the cytoplasm of infected cells has been presented by Shepard (1957) , Edwards and Fogh (1960) , Hayflick and Stinebring (1960) , and others. In illustrations depicting this intracellular growth, individual organisms are often seen scattered throughout the cytoplasm rather than occurring as clumps or microcolonies. There is a possibility that such intracellular organisms might be there as a result of ingestion by the cell and are not actually growing. Our observations on the atypical pneumonia agent agree with the findings of Clyde (1961) , who propagated the agent in monkey kidney tissue culture, to the extent that compact coherent clumps are often seen outside of cells, especially in the late stages of infection. But in the human amnion cultures it seems unlikely that the large intracellular microcolonies of the atypical pneumonia agent could have been ingested by the cell. Also, clumps of varying size are seen in the cytoplasm, suggesting an intracellular developmental cycle. In contrast, other PPLO often form films of organisms at the cell membrane. The morphological resemblance of the intracellular colonies of the atypical pneumonia agent to the inclusions of the psittacosislymphogranuloma venereum group is rather striking. Carski and Shepard (1961) A majority of the continuous cell lines used for the study of viruses in tissue culture contain PPLO, but chick embryos seldom are contaminated (Carski and Shepard, 1961) . The role of latent or actively growing PPLO in augmenting cytopathic action by a virus in tissue culture has not been adequately examined. It is possible that the PPLO in human amnion (this contaminating PPLO could be cultured on agar containing tryptic digest of beef heart and horse blood, a routinely used medium for bacteria) or embryonic lung tissue culture may have contributed to the cytopathic effects which appeared to be due to the atypical pneumonia agent in the present work. Primary chick embryo or monkey kidney tissue cultures presumably free of PPLO have been used for previous studies of this agent, and no significant cytopathic effects have been observed. The only other human cell line so far examined has been the HeLa cell, in which no evidence of growth was obtained.
The value of observations with cell cultures from various tissues and species in defining tropism and virulence of a strain of mycoplasma is indicated by these results. Human amnion cultures were selected because of the known ability of the atypical pneumonia organism to grow in chick embryo amnion; and its pneumotropism both in the chick embryo and in man has been clearly defined. Under our experimental conditions, CPE was found both in human embryonic lung and human amnion, whereas, with tissues from other species, growth of the organism occurred without obvious CPE.
With respect to neutralization by immune serum in tissue culture, the atypical pneumonia organism behaves differently from a virus. A heat-labile (56 C) factor in serum appears to be essential for neutralization. On the other hand, Edward and Fitzgerald (1954) found that some but not all species of PPLO could be killed or their growth inhibited by immune serum which had been heated to destroy complement.
The necessity of heat-labile factors for the killing action of immune serum also implies the possible presence of similar factors in certain normal sera. Complement, as represented by lyophilized guinea pig serum, did not, however, show any neutralizing effect on the atypical pneumonia organism. In contrast to the result in tissue culture, the same immune rabbit serum, after heating to 56 C for 20 min, neutralized the atypical pneumonia agent to a high titer when inoculated intranasally into cotton rats. This difference could be attributed to accessory immunity mechanisms, such as complement, possibly other heat-labile factors, and phagocytic cells present in the intact animal but absenit from tissue cultures. Evidence of heterologous neutralization of the atypical pneumonia agent by inactivated serum of animals immune to normal tissues or various viruses has never been obtainable in our laboratory. There are, however, reports of such nonspecific neutralization in which no statement about inactivating the serum was given. It is clear, therefore, that additional quantitative studies are needed to establish whether the observed neutralization in tissue culture is due to (i) a heat-stable antibody plus complement, (ii) a heat-labile substance other than antibody which is present in immune serum, (iii) a labile factor occasionally present in some normal sera, or a combination of these.
